A search for extrasolar planetary transits using the extended Kepler mission (K2) campaigns 9 and 11 revealed five new candidates towards the Galactic bulge. The stars EPIC 224439122, 224560837, 227560005, 230778501 and 231635524 are found to have low amplitude transits consistent with extrasolar planets, with periods P = 35. 1695, 3.6390, 12.4224, 17.9856, and 5.8824 days, respectively. The K2 data and existing optical photometry are combined with the multi-band near-IR photometry of the VVV survey and 2MASS in order to measure accurate physical parameters for the host stars. We then measure the radii of the new planet candidates from the K2 transit light curves and also estimate their masses using mass-radius relations, concluding that two of these candidates could be low mass planets, and three could be giant gaseous planets.
INTRODUCTION
The Kepler mission (Borucki et al. 2010 (Borucki et al. , 2011 was a clear success and a revolution for extrasolar planet studies. The main mission lasted four years and the data collected is still producing extrasolar planets, that are now counted by the thousands. The extended Kepler mission called K2 consisted of several campaigns, with multiple fields observed along the ecliptic plane since 2014. Among a variety of studies, K2 has discovered more than a hundred transiting extrasolar planets up to now (Montet et al. 2015; Schlieder et al. 2016; Van Eylen et al. 2016; Johnson et al. 2016; Adams et al. 2016; Sinukoff et al. 2016; Barros et al. 2016; Pope et al. 2016; Dressing et al. 2017b,a; Petigura et al. 2018; Wittenmyer et al. 2018; Mayo et al. 2018; Yu et al. 2018; Crossfield et al. 2018; Livingston et al. 2018) .
We are interested here in the data from campaigns 9 and 11 (hereafter K2C9 and K2C11) , that observed the Milky Way bulge. This is a crowded and reddened region of our Galaxy, but of great interest, because it overlaps with our ongoing VVV survey, that has been mapping the whole bulge in the near-IR since 2010 (Minniti et al. 2010; Saito et al. 2012 ). The challenge is the large Kepler 4 arcsec pixel scale, as discussed extensively elsewhere by Henderson et al. (2016) and Zhu et al. (2017) . We use our higher resolution VVV images (with 0.3"/pixel scale) in order to weed out bad candidates (usually blended objects). In particular, Hender-E-mail: cacortes@udec.cl son et al. (2016) describe in detail the goals, difficulties, and procedures of the K2C9.
We started a project to detect and study new transiting exoplanets in the Galactic Bulge, using K2 mission and VVV survey data. We report here the discovery and characterization of five exoplanetary candidates in the bulge. This paper is organized as follows, in Section 2 we present the K2 photometry for the campaign 9 and 11 and the VVV survey. Section 3 discusses our search. In Section 4 and 5 we give the physical parameters for the sample stars and planets, respectively. The discoveries are discussed in turn in Section 6. Finally, Section 7 outlines our main conclusions.
DATA

K2 Photometry
For our study, we used the K2 database, which provides high-precision photometry on the 1 and 30 minute timescales. The Kepler magnitude (K p ) refers to an AB magnitude, ranging from 425 to 900 nm. The Kepler photometer consists in multi CCD modules, and each module covers 5 square degrees on the sky. The observations of K2 consist of a series of observation field "Campaigns" distributed in the plane of the ecliptic.
The campaign 9 consisting of 19 CCD modules (Figure 1, left) covered part of the Galactic Bulge and was dedicated to a microlensing study. In order to increase the data storage, the campaign 9 was split into two parts (campaign Figure 1 . The figure shows the two K2 campaign fields: campaign 9 (left) and campaign 11 (right), in which we perform the search for extrasolar planets. The red stars represent the position of the exoplanet candidates that we found in our study with their respective numbers (see table 3 ). The green area in campaign 9 represents the microlensing super apertures. The overlapped coloured region corresponds to the region mapped by the VVV survey. This plot is taken from the Kepler & K2 website. 9a and 9b), with a three-day gap from May 19 to May 22, 2016. The campaign 9a is centred at RA=270.3544823 degrees, DEC=-21.7798098 degrees and was observed between April 22 and May 19, 2016. The campaign 9b that was observed between May 22 and July 1, 2016, and is centred at RA=270.3543824 degrees, DEC=-21.7804700 degrees. For our study, we considered only targets from the microlensing super apertures (green area in the Figure 1, left ) , in which 3.3 million pixels were dedicated on five CCD channels.
The campaign 11 consists of 18 CCD modules, due to the loss of CCD module 4. This campaign is centred at RA=260.3880064 degrees, DEC=-23.9759578 degrees (Figure 1, right) and covers part of the Galactic Bulge. This campaign was split into two parts with a three-day gap from October 18 to October 21, 2016: the campaign 11a that was observed between September and October 2016 during 23 days and the campaign 11b was observed between October and December 2016 during 48 days.
VVV survey
The VISTA Variables in the Vía Láctea (VVV) survey (Minniti et al. 2010; Saito et al. 2012 ) that covers a bulge area of 300 square degrees between −10 • < l < +10 • and −10 • < b < +5 • divided in 196 tiles.
This survey provides near-infrared photometry in five broad-band filters: Z (0.87 µm), Y (1.02 µm), J (1.25 µm), H (µm) and, K s (2.14 µm). We used the VVV photometric catalogue that was obtained from the Cambridge Astronomical Survey Unit (CASU) 1 in different tiles in the galactic bulge. The K2-VVV areas of overlap are shown in Figure 1. 1 http://casu.ast.cam.ac.uk/vistasp/
SEARCH FOR EXOPLANETARY TRANSITS
For the exoplanet candidates search, we used 875 light curves from the campaign 9 and 13.607 light curves from the campaign 11, that were extracted by Vanderburg & Johnson (2014) . Both campaigns were split into two parts, therefore we normalized the flux of the light curve for part a and b (see section 2.1) using a cubic spline function. We choose the order of the polynomials according to the light curve. After the fitting, we removed upwards outliers, which are caused by cosmic rays or asteroids and also, we removed the downward outliers making sure that the transit was not removed. After flattening the light curves, we calculated a Box Least Squares (BLS) 2 periodogram Kovács et al. (2002) , to detect a periodic signal. We used the definition of Vanderburg et al. (2016) to perform the period search ranging from 2.4 hours to half the length of the campaign and the spacing between periods expressed as:
where ∆P is the spacing between periods, P is the period tested, D is the transit duration at that period, N is an oversampling factor and T tot is the total duration of the campaign.
After this process, we cleaned our catalogue by applying some restrictions. From the analysis described by Vanderburg et al. (2016) , we considered targets that in the BLS periodogram have at least one peak with S/N > 9. Also, we eliminate objects whose duration is greater than 20% of the detected period, and we considered only detections that have two or more transit events.
Even when an object passes these tests, there is the possibility that it is a false positive. For this reason, we performed a visual inspection to discard obvious false positives such as spurious detections, eclipsing binaries and any other astrophysical false positives.
Additionally, we take advantage of the near-infrared data from the VVV survey that overlapped with the K2 data (see Figure 1) , to discard false positives, specially blended objects, because with this photometry we can constrain the contaminant stars with a different colour than the target (Fressin et al. 2012) .
Our final catalogue contains five planet candidates (see table 3 ). The planetary parameters estimation is explained in section 5.
STELLAR PROPERTIES
The stellar parameters of the host stars of our exoplanet candidates are summarized in Table 1 . Based on previous studies, the host star 224439122 was catalogued as a variable Weak T tau (Prisinzano et al. 2012 ) with a period 5.8775 days (Henderson & Stassun 2012) .
The stellar parameters for our exoplanet candidates were estimated through Gaia DR2 , whose information was extracted from Gaia Archive 3 (Gaia Collaboration et al. 2016 Collaboration et al. , 2018 . The radius of the host star 231635524 cannot be derived from data in Gaia DR2, because stars with fractional parallax uncertainties greater than 20 percent are not reliably inverted to yield distances. This particularly affects distant and/or faint stars . For the host star 231635524, the fractional parallax uncertainty is 450 percent (Bailer-Jones et al. 2018 infer a distance in excess of 10 kpc with large errors). It is most likely this host star is at least a giant, since this star is too bright to be a dwarf, given the likely very long distance.
We classify our host stars by calculating the reduced proper motion, after properly correcting for extinction. For the passbands in the VVV survey, we measured the extinction using the reddening maps of Gonzalez et al. (2012) by the tool BEAM (Bulge Extinction And Metallicity) calculator 4 using the Cardelli et al. (1989) extinction law. In the case of filters in the 2MASS catalogue, we used Schlegel et al. (1998) maps through the tool Galactic DUST Reddening & Extinction 5 . The photometric parameters are summarized in Table 2 .
With the proper motion of Gaia DR2 catalogue, we calculated the reduced proper motion of our host stars, through the equation defined as:
where J is the J-band magnitude and µ is the total proper motion. With the criteria defined by Rojas-Ayala et al.
:
we classify the host star like dwarf or giant, where H * J is the dwarf/giant discriminator.
PLANETARY PARAMETERS
We have found five planet candidates, with the period and depth calculated from the output of the BLS algorithm. Assuming that the orbit is circular, we modeled the transit time, the period, the planetary to stellar radius ratio (R p /R ), the semi-major axis normalized to the stellar radius (a/R ) and the inclination, through a transit model using the BAsic Transit Model cAlculatioN (BATMAN) 6 Python package (Kreidberg 2015) . For the development of our model, we used the quadratic limb darkening law (Kopal 1950) with the coefficient estimated by Kreidberg (2015) .
In order to take into account the smearing effect of the 30 min cadence of the K2 data (Kipping 2010), we used the supersampling provided by BATMAN, that consists in calculating the average value of the light curve from the evenly spaced samples during an exposure.
After that, we measured the transit parameters and their uncertainties of this model using emcee 7 Python package (Foreman-Mackey et al. 2013) , which is an implementation of the affine-invariant ensemble sampler for Markov Chain Monte Carlo (MCMC) (Goodman & Weare 2010) . We implement the same uncertainties to each flux, because the flux error was not calculated in the K2 data reduction process.
We estimated the mass of the planet candidates through Forecaster 8 Python package developed by Chen & Kipping (2017) , which uses a probabilistic mass-radius relationship. With this code it is possible to predict the mass of the candidates based on a given radius measured previously.
The estimation of the planetary parameters is summarized in Table 3 . The exoplanet candidates with the fitting model are shown in Figure 2 to Figure 6 .
DISCUSSION
In this work, we present the discovery of five exoplanet candidates, which were detected with the transit method using K2 photometry. One of the parameters that we can obtain with this method is the planetary radius. To determine this parameter, we need the stellar radius, which was calculated photometrically (see Section 4). To definitely classify these candidates is it is necessary to estimate their masses, which are not possible to measure using this technique. Clearly, spectroscopic observations are needed for these candidates. Therefore, we predict the mass through the code Forecaster (see Section 5), which uses a mass-radius relationship. Even though these parameters are not highly accurate, they represent a good initial estimate to perform our analysis and give a preliminary idea about the nature of our candidates.
We compared our candidates with the mass-density relationship proposed by Hatzes & Rauer (2015) . The relationship is based on the inflections in the massdensity diagram, and shows three regions. The regions are low mass planets, giant gaseous planets and stellar objects. Then, we proceed to analyze each of our candidates: EPIC 224439122b is a candidate exoplanet orbiting the host star located in NGC 6530 (open cluster), classified as a variable Weak T Tau star with spectral type M0-M1 V (Prisinzano et al. 2012 ) with a period 5.8775 days (Henderson & Stassun 2012) . This extrasolar planet candidate has two transits and has a period 35.1695 days, indicating that it could be a warm Jupiter (the orbital period between 10 and 100 days). Also, this is the largest candidate in our sample with R=48.1R ⊕ and an estimated mass of M=438.0M J , implying that it could be a stellar object (M > 60M J , Hatzes & Rauer 2015) . As the largest planets known have radii of ∼ 20R ⊕ , this radius seems to be too large for an exoplanet. Although this candidate has a depth of ∼ 5% and a large mass, we consider that this object passed the test described in Section 3 to discard false positive. Also, as we mentioned above, we do not measure the mass and the stellar parameters. Therefore these are not entirely reliable. EPIC 224560837b is a candidate with nineteen transit events with a period of 3.6390 days, which is within the definition of hot Jupiters (the orbital period between 1 and 10 days). This candidate has a radius of 30.6R ⊕ and an estimated mass of 260.8M J indicating that it could be a stellar object (M > 60M J , Hatzes & Rauer 2015) . Despite this candidate is the second largest in our sample and according to the mass classification this could be a stellar object, we take into account that this target passed the test mentioned in Section 3 and the estimation of the stellar parameters and the planetary mass were not measured. For this reason, we do not discard the possibility that this object could be an extrasolar planet. EPIC 227560005b has a period of 12.4224 days. This candidate has four transits and is our smallest exoplanet candidate with a R=2.0R ⊕ and an estimated mass of 0.02M J indicating that it could be a low mass planet (M < 0.3M J , Hatzes & Rauer 2015) . The same definition would apply for EPIC 230778501b that has three transits with a period of 17.9856 days. This candidate is the second smallest in our sample with R=2.2R ⊕ and an estimated mass of 0.02M J . EPIC 231635524b is a candidate that has eleven transits with a period of 5.8824 days. According to the period, this could be a hot Jupiter. As we explained in Section 4, the radius of the host star 231635524 is not available in Gaia DR2, and we infer that this star could be a giant. Therefore if 231635524 could be a giant and the planetary to stellar radius ratio is 0.132 (see Table 3 ) probably our candidate could be a giant gaseous planet.
CONCLUSIONS
We reported the discovery of five exoplanet candidates detected in the Galactic Bulge with K2 data with orbital periods between 3.6390 and 35.1695 days and planetary radii in the range of 2.0 to 48.1 R ⊕ . These planet candidates orbit host stars with a range of magnitudes and temperatures (12.039 < K p < 16.072, and 4184 K < T e f f < 4647 K).
Additionally, two of our candidates were classified as stellar objects (224439122 and 224560837) and two as low mass planets (227560005 and 230778501) according to Hatzes & Rauer (2015) , but we considered that 224439122 and 224560837 passed the test to discard false positive mentioned in Section 3, therefore there are the possibility that these targets could be planets. Due to the radius for the host star of the candidate 231635524 is not available in Gaia DR2, we can not estimate the planetary radius, and consequently, we can not predict the mass of the planet. Therefore, as we explained in Section 6, we infer that the candidate 231635524 could be a giant gaseous planet.
In addition, we emphasize that the stellar parameters were determined using photometry, and that the derived masses in particular are very uncertain. Therefore, we would like to encourage follow-up spectroscopic observations in order to confirm our exoplanet candidates and to refine their physical parameters.
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Note. The Sun and Earth units were obtained from the International Astronomical Union (Prša et al. 2016) . The planetary parameters were estimated in the section 5. T 0 is the time of transit, a/R is the semi-major axis normalized to the stellar radius, i is the inclination, δ is the transit depth, R P /R the planetary to stellar radius ratio, R P is the planetary radius, calculated by multiplying the R P /R values with the stellar radius and M P is the planet mass estimated using mass-radius relationship developed by Chen & Kipping (2017) through Forecaster Python package. Figure 3 caption. This target could be a gaseous giant with a period P=5.8824 days and eleven transit events.
